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Introduction

The finite element method has been used for several years to calculate
the  creep  c losure  o f  Strategic  Petro leum Reserve  s torage  cav i t ies  in  rock
s a l t . T h e  two-dlmensronal  axlsymmetrrc  f i n i t e  e l e m e n t  c a l c u l a t i o n s
performed thus far have required many simplifying  assumptions to reduce the
three-dlmensronal  cavern geometries down to two dimensions. To gain an
understandlng o f  three -d imensional  e f fec ts  such  as  cavern  spac ing ,  sca le
model centrifuge testing has been employed. T h e  f i r s t  t h r e e  c e n t r i f u g e
experiments were single cavity tests which employed the creeping  material
plasticine  and were  per formed at  three  d i f ferent  acce lerat ions . These were
preliminary  exper iments  to  explore  the  feasibiljty  o f  c reep  test ing  on  the
c e n t r i f u g e . These  exper iments  and  the  attendlng  two  dimensional  f in i te
e lement  analys is  are  presented  in  this abstract . A s e t  o f  m u l t i - c a v i t y
centr i fuge  models  1s current ly  be ing  assembled  where  the  cav i ty  spac ing  will
be  varied to  gain  an  understanding  o f  i t s  in f luence . This s e t  o f
experiments  will a l so  be  srmulated  with  a  three -d imensional  finite e lement
program capable  o f  c reep  ca lculat ions . The  srngle and mult ip le  cav i ty
physrcal  a n d  n u m e r i c a l  simulations will b e  i n c l u d e d  in t h e  f i n a l  p a p e r .

Single Cavity Centrifuge Experiments

Three  ident ica l  centr i fuge  models  were  made  with  a  cy l indr ica l  a l coho l
f i l l e d  c a v i t y  in t h e  c e n t e r  o f  a  c y l i n d r i c a l  b l o c k  o f  g r e e n  p l a s t i c i n e . The
cavity was two inches  in diameter and four inches high and the block was
e leven  inches  In d iameter  and  ten  inches  high. The models were loaded with
a  l/4 inch  sheet  o f  annealed  lead  on  top  and  at  acce lerat ions  o f  100 ,  125
and 150  G ’s  on  a  s ix - foot  centr i fuge . Each model was held at its designated
acce lerat ion  leve l  f or  two  hours  exper ienc ing  creep  c losure  due  to  the
a c c e l e r a t i o n  i n d u c e d  geostatlc s t r e s s  f i e l d . At  the  end  o f  each  tes t  the
models were frozen, cut in half  and photographed. The boundaries of  the
cavities in the photographs were digitized and are shown in Figures 1,  2 and
3.  The  de format ions  are  s imi lar  to  those  seen  in  f lu id  s torage  cav i t ies  in
rock  sa l t  where  there  is some roo f  movement ,  f l oor  heave ,  and  increas ing
inward displacement from top to bottom along the side. The  d ig i t i zed
boundar ies  were  processed  numerica l ly  to  grve the  final cavi ty  vo lumes  that
are  presented  later .

l This work was performed at Sandra  Natronal Laboratories supported by the
U.S. Department of Energy under Contract Number DE-AC04-76-DP00789  in
support  o f  the  Strateg ic  Petro leum Reserves  Pro ject .
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Mater ia l  Propert ies

The material  properties for the plasticrne  were determined from
unconf ined  compress ion  tests  on  cy l indr ica l  samples . The tests were
per formed at  four  d i f ferent  ax ia l  strain rates  with  each  resul t ing  in  a
drfferent  v a l u e  o f  s t e a d y  s t a t e  s t r e s s . The strain rate and effective
stress were fit to the well-known secondary creep equation

.
-6 = A# (1)

where
.
7 = secondary  creep  strain rate

a =  e f f e c t i v e  s t r e s s

A = laboratory determined  constant

n = laboratory determined stress exponent

Youngs modulus was determined from the slope of  the elastic portion of  the
stress-strain  c u r v e . The  mater ia l  propert ies  are  g iven  In Table  I .

Table I

M a t e r i a l  P r o p e r t i e s  f o r  Plastlclne

Youngs Modulus = 800 PSI

Poissons  Rat io  =  0 .48

- 1 7 n
A = 1.19 X 10 l/(sec  p s i  )

n = 10.1

Finite Element Simulations

The flnlte elemen t program employed in thus study has been used
predic t  creep  c losure  o f  underground nuc lear  waste  s torage  dr i f ts  [ I ]

to
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a n d  p e t r o l e u m  s t o r a g e  c a v e r n s  i n  r o c k  s a l t  [3] [4] [6]. T h e  f i n i t e  e l e m e n t
m o d e l  o f  t h e  f l u i d - f i l l e d  c a v i t y  in plastlcine  1s s h o w n  i n  F i g u r e  4 . The
model  l oading  cons is ts  o f  body  forces , a surcharge on top of  the model and
flurd  p r e s s u r e  insrde t h e  c a v i t y . Al l  o f  these  are  sca led  wi th
acceleration. The predrcted closure after the test has been completed and
the acceleration loads have been removed IS  shown in Frgure 5 for the 125 G
t e s t . A comparison between the frnlte element predictlons  and the
centrifuge  experiments is shown in Frgure 6 where percent volume closure is
p l o t t e d  a g a i n s t  acceleration. This figure s h o w s  a  r e l a t i v e l y  g o o d
comparison at 100 and 125 G’s but a large error at 150 G’s, The discrepancy



in  th is  test  i s  not  fu l ly  understood  at  th is  t ime but  could  have  resul ted
from a  reduct ion  o f  f lu id  head  in  the  cav i ty  dur ing  the  test  or  the
tr igger ing  o f  another  creep  mechanism in  the  plasticine  at  the  h igher  s tress
l e v e l .

These three experiments were preliminary tests to demonstrate the
f e a s i b i l i t y  c r e e p  t e s t i n g  o n  t h e  c e n t r i f u g e . The results were encouraging
and more experiments will be performed. Future  work  wi l l  inc lude  a  sui te  o f
multr-cavity  experiments with a central cavity and three surrounding
c a v i t i e s  a t  e q u a l  d i s t a n c e . The spacing between the central and surrounding
cavi t ies  wi l l  be  var ied  in  an  at tempt  to  understand the  in f luence  o f  spac ing
on cavity performance. These experiments will  be performed at 125 G’s to
avoid the problems prevrously  encountered at 150 G’s.
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FIGURE 1

CAVITY SHAPE AFTER TV10 HOURS OF
CENTRIFUGE TESTING AT loo G's
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FIGURE 2

CAVITY SHAPE AFTER TFJO HOURS OF
CENTRIFUGE TESTING AT 125 G!s
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FIGURE 3

CAVITY SHAPE AFTER Tl,iO HOURS OF
CENTRIFUGE TESTING AT 150 G's
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FIGURE 4

AXISYMMETRIC FINITE ELEMENT MODEL
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FIGURE 5

DEFORMED FINITE ELEMENT MESH SIMULATING
TWO HOURS OF CENTRIFUGE TESTING AT 125 G's
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FIGURE 6

0 centrifuge test results

A finite element predictions

PERCENT VOLUME LOSS IN THE CAVITY VERSUS
G LEVEL FOR TWO HOURS OF CENTRIFUGE TESTING


